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Abstract. RXJ0806. 3+1527 is thought to be a 321s orbital period (the short- 
est known) double white dwarf binary system. According to the double degen- 
erate binary (DDB) scenario this source is expected to be one of the strongest 
Gravitational Wave (GW) emitter candidates. In the last years RX J0806. 3+1527 
has been studied in great details, through multiwavelength observational cam- 
paigns and from the point of view of data analysis result interpretations. We 
present here the timing results obtained thanks to a 3. 5- year long optical moni- 
toring campaign carried out by the Very Large Telescope (VLT) and the Telescopio 
Nazionale Galileo (TNG) which allowed us to detect and study the orbital period 
derivative (spin-up at a rate of ~10 _3 s yr -1 ) of the 321s modulation, to detect the 
linear polarisation (at a level of about 2%), and to study the broad band energy 
spectrum. The VLT/TNG observational strategy we used allowed us to rely upon 
a P-P coherent solution which we finally extended backward to the 1994 ROSAT 
observation of RXJ0806. 3+1527. 
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1. Introduction 

RXJ0806. 3+1527 was discovered in 1990 
with the ROSAT satellite during the 
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All-Sky Survey (RASS; iBeuermann et al. I 
1999). However, it was only in 1999 
that a periodic signal at 321s was de- 
tected in its s oft X-ray flux wi th the 
ROSAT HRI lllsrael et al. I fl999l here- 
after 199) . The detection of X-ray pul- 
sa tions was also repo r ted i ndependently 
bv lBurwitz fc Reinschl l)2001|) . Subsequent 
deeper optical studies allowed to unam- 
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Fig. 1. Left panel: March 2003 VLT FORS1 R-band image of the sky region including the 
position of the optical counterpart to RXJ0806. 3+1527 (marked with the circle; effective 
exposure time of 40 minutes). Right panel: 0.2-10.0 keV EPIC-pn XMM-Newton image 
of RX J0806.3+1527 (brightest object; exposure time of -26000s). 



biguously identify the optical counterpart 
of RXJ0806.3+152 7, a blue V = 21.1 
(B = 20.7) star ijlsrael et al. I l2002albl 
hereafter I02B) . B, V and R time- 
resolved photometry revealed the pres- 
ence of a ~ 15% m odulation at the ~ 
321s X-ray period illsrael et al. I l2002bJ: 
iRamsev et ahl l2002a|) . The VLT spectral 
study revealed a blue conti nuum with no 
intrinsic absorption lines ( 10215). Broad 
(FWHM - 1500 km s" 1 ), low equivalent 
width (EW ~ —2 -. — 6 A) emission lines 
from the He II Pickering series (plus addi- 
tional emission lines likely associated with 
He I, C III, N III, etc.) were instead de- 
tected. These findings, together with the 
period stability and absence of any ad- 
ditional modulation in the 1 min-5 hr pe- 
riod range, are interpreted in terms of a 
double degenerate He-rich binar y (a sub- 
set o f the AM CVn class; see IWarner I 
1995, for a review) with an orbital pe- 
riod of 321s, the shortest ever recorded. 
Moreover, RXJ0806. 3+1527 was noticed 
to have optical/X-ray properties similar to 
those of RXJ1914.4+2456, a 569 s mod- 



ulated soft X-ray source proposed as a 
doub l e dege nerate system ijRamsev et al. I 
2000,10023). 

More recently, lHakala et aT~l l|2003L 

2004) reported on the detection of spin- 
up, at a rate of ~6.2xl0~ n s s -1 , 
for the 321s orbital modulation, based 
on optical data taken form the Nordic 
Optical Telescope (NOT) and the VLT 
archive, and by using incoherent tim- 
ing techniques. Similar resul ts were re- 
ported also by IStrohmaver I l)2003|) for 
the X-ray data (ROSAT and Chandra) of 
RX J0806. 3+1527 spanning ove r 10 y ears 
and based on the H akala et al. I (120031) re- 
sults. Finally, llsrael et al. I l)2003b|) carried 
out a nearly-simultaneous Chandra/ VLT 
observational campaign reporting the pres- 
ence of nearly anti correlation between the 
optical and X-ray modulation. The X-ray 
spectral study also allowed to characterise 
the emission mechanism; a black body 
with a temperature of ~60 eV l)Israel et al. I 
20033). 

The study of RXJ0806. 3+1527 and 
RXJ1914. 4+2456 has posed, in the last 
years, serious questions about their pos- 
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Fig. 2. Left panel: Results of the phase fitting technique used to infer the P-P coherent so- 
lution for RXJ0806. 3+1527: the linear term (P component) has been corrected, while the 
quadratic term (the P component) has been kept for clarity. The best P solution inferred 
for the optical band is marked by the solid fit line. Right panel: 1994-2002 phase coher- 
ently connected X-ray folded light curves (largest pulsed fraction) of RXJ0806. 3+1527, 
together with the 2001-2004 phase connected folded optical light curves. Two orbital 
cycles are reported for clarity. 



sible origin (see ICropperl 120031 for a re- 
view of the proposed theoretical models). 
Moreover, there is a number of additional 
nice reasons for studying RXJ0806. 3+1527 
and the related objects. Among other are 
the study of the gravitational wave, and 
the possibility that RX J0806.3+1527 is a 
progenitor of the He-accreting DDBs also 
named AM CVns. For this reason we re- 
quested and performed in the last 3.5 years 
several observations ranging from IR to 
X-ray band in order to unveil the na- 
ture of RXJ0806. 3+1527 and, correspond- 
ingly, of RXJ1914.4+2456. Here we re- 
port on the results obtained from (a) 
the VLT/TNG time- resolved photometric 



monitoring aimed at accurately measure 
the P and P of RXJ0806. 3+1527 based 
on coherent timing techniques, (b) VLT- 
FORS1 polarimetry observations, and (c) 
an XMM-Newton pointing. 

2. Optical Observations 

After the successful first optical time- 
resolved observations of RX J0806. 3+1527 
during 2001 (January 1st at TNG, and 
November 11th), we started a relatively 
long-term project aimed at monitoring the 
source 321s modulation. We obtained 21 
pointings between November 2002 and May 
2004 (11 at VLT and 10 at TNG) sched- 



G.L. Israel et al.: Taking the pulse of the fastest binary system 



151 




-2-1 1 
Q 

Fig. 3. Q and U Stokes parameters for 
all the objects detected within 3' from 
the RX J0806.3+1527 position (on-axis). 
Values inferred for RX J0806. 3+1527 are 
clearly marked (filled circle). 



uled in a way such that it was possible to 
keep the phase coherence among observa- 
tions (the first observations were obtained 
at lst-2nd nights, 9-10th nights, 19-20th 
nights, 49-50th nights, etc.). Four different 
optical bands (B, V, R and I) have been 
used in order to study and monitor the 
pulse shape and pulsed fraction as a func- 
tion of wavelength and time (left panel of 
figure H shows the R-band image of the re- 
gion around RX J0806. 3+1527). 

Such a strategy resulted quite effi- 
cient in reaching the purposes of the tim- 
ing analysis, and allowed us also to ex- 
tend the coherent solution backward to 
the 2001 optical observations. The best 
optical solution we found for P-P is for 
P=321.53040(4)s, P=-3.6(l)xl0- n s s" 1 
(90% unce rtainties are report ed; for more 
details see iTsrael et al. i foUH. see also fig- 
ure |2 left panel). Moreover, we found 
a slightly energy-dependent pulse shape 
with the pulsed fraction increasing to- 
ward longer wavelengths, from ~12% in 
the B-band to nea rly 14% in the I-band 
{Israel et al. II2004D . 
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Fig. 4. The results of the XMM-Newton 
phase-resolved spectroscopy (PRS) analy- 
sis for the absorbed blackbody spectral 
parameters: absorption, blackbody tem- 
perature, blackbody radius (assuming a 
distance of 500 pc), and absorbed (tri- 
angles) and unabsorbed (asterisks) flux. 
Superposed is the folded X-ray light curve. 



The relatively high accuracy obtained 
for the optical phase coherent P-P solu- 
tion (in the January 2001 - May 2004 in- 
terval) allowed us to extrapolate it back- 
ward to the ROSAT observations with- 
out loosing the phase coherency, i.e. only 
one possible period cycle consistent with 
our P-P solution. Given the wider time 
interval spanned by the X-ray observa- 
tions (9.5 years) an even more accurate 
solution was possible. After taking into 
account the ROSAT photon arrival time 
spacecraft clock time - UTC correction 
(in order to compare the ROSAT data 
with the Chandra and XMM-Newton ob- 
servations), our best (optically selected) 
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X-ray solution is P=321. 53033(2) s, P=- 
3.67(1) x IP" 11 s s -1 (for more details see 
llsrael et al.1l2004|) . Figure H (right panel) 
shows the optical (2001-2004) and X-ray 
(1994-2002) light curves folded by using 
the above reported P-P coherent solution, 
confirming the amazing stability of the X- 
ray /optical anti cor relation first noted by 
iTsrael et a,l. I Ir2003hf). 

In February 2003 we also collected VLT 
FORS1 polarimetry data for the optical 
counterpart to RX J0806. 3+1527 in the 
B-band. Due to unforeseen large FORS1 
overheads only phase-resolved linear po- 
larisation observations were obtained. In 
figure 01 we reported the U and Q Stokes 
parameters for all the detected objects 
within 3' from the RXJ0806. 3+1527 opti- 
cal counterpart position (objects at larger 
off-axis angles are indeed affected by the 
presence of spurious polarisation: more 
details on this problem can be found at 
www.eso.org/instruments/fors/pola.html). 
RXJ0806. 3+1527 was found to be linearly 
polarised at a level of ^2.0±0.3% (after 
correcting the the field average polarisa- 
tion, ~0.7%). It is worth noting that the 
marginal detection of circular polarisation, 
at level of ab out 0.5%, has b een re cently 
reported by iReinsch et al. I ((2004) , and 
ascribed to a ~10 6 Gauss magnetic field. 

3. The XMM-Newton observation 

During 2001 a Chandra observation of 
RXJ0806. 3+1527 was obtained; in that 
case the source was found to be more in- 
tense than expected resulting in a high 
(and phase dependent) number of piled- 
up photons (the results of t he Chandra 
observ ation are reported in llsrael et al. I 
I2003bj) . On 2002 November 1st we had 
the chance to observe RXJ0806. 3+1527 
with the XMM-Newton instrumentations 
for about 26000 s (see figure^ right panel) . 
This ensured us a dataset of unpiled-up 
photons allowing us to increase the spec- 
tral analysis accuracy. Figure 0] shows the 
results of the phase-resolved spectroscopic 
study we carried out (similar to the anal- 



ysis re ported in Figure 0] of llsrael et al. I 
2003b). With respect to the latter analy- 
sis, the XMM-Newton data show a lower 
value of the absorption column, a rela- 
tively constant black body temperature, a 
smaller black body size, and, correspond- 
ingly, a slightly lower flux. All these differ- 
ences may be ascribed to the pile-up effect 
in the Chandra data, even though we can 
not completely rule out the presence of real 
spectral variations as a function of time. 
In any case we note that this result is in 
agreement with the idea of a self-eclipsing 
(due only to a geometrical effect) small, hot 
and X-ray emitting region on the primary 
star. Timing analysis did not show any ad- 
ditional significant signal at periods longer 
or shorter than 321.5 s, (in the 5hr-200ms 
interval). Results from the XMM-Newton 
observation are mo re diffusely reported by 
llsrael et all ()2004|) . 

4. Discussion 

In this contribution we briefly listed the 
main results obtained thanks to a four 
years optical and X-ray monitoring of 
RXJ0806. 3+1527, a DDB with an orbital 
period of only 5.4min. Even though the op- 
tical monitoring is still active (in fact is 
quite important to continue the P study to 
look for variations or, more interestingly, a 
dP/dt component) a number of important 
implications can be considered. 

It is now assessed that the orbital pe- 
riod is decaying at a rate that is nearly 
consistent with that predicted by the ultra- 
compact binary model in which the loss or 
orbital angular momentum is dominated by 
gravitational radiation and in which there 
is no ma ss exchange betwe en the two stars 
(see also lStrohmaver 1120 03). In this respect 
the unipolar ind uctor model proposed by 
IWu et al~l l(2002ft is a possible scenario to 
account for the observed X-ray flux from 
RXJ0806. 3+1527. 

The X-ray and optical emissions are 
anti correlated at a level of stability (no 
variations on a baseline of at least 4 years) 
which is only observed in phase-locked bi- 
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nary systems. The anti correlation is by far 
and so far the strongest (indirect) sugges- 
tion of the binary nature of the 321 s, where 
the X-rays illuminate the companion sur- 
face originating the phase-shifted optical 
modulation. 

The detection of linear and circular 
polarisation might imply the presence of 
a relatively faint magnetic field, however 
we note that the low polarisation level is 
also consistent with other possibilities, such 
as the Thomson scattering (sometimes ob- 
served in eclipsing binaries). 
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